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Introduction
Three different types of skeletal complications occur in
rheumatoid arthritis (RA): focal erosions of marginal and
subchondral bone, juxta-articular osteoporosis, and gen-
eralized bone loss. New evidence points towards
common mechanisms underlying the effects on the skele-
ton in RA, with osteoclasts as the key mediators. Recently
the RANKL/OPG/RANK (receptor activator of nuclear
factor  κB ligand/osteoprotegerin/receptor activator of
nuclear factor κB) system was discovered; this system
modifies osteoclast precursors and the differentiation and
activation of osteoclasts. OPG, which is a decoy recep-
tor, blocks the osteoclastogenesis effects of RANKL.
RANKL, OPG, and RANK act in a network of osteoclast-
stimulating cytokines and systemic hormones such as
estrogen, 1,25(OH)2D3, and parathyroid hormone [1].
Estrogen deficiency is known to increase bone remodeling
and resorption, which subsequently leads to an increased
risk of osteoporosis. Hormone replacement therapy (HRT)
BMD = bone mineral density; E2 = estradiol; ELISA = enzyme-linked immunosorbent assay; ESR = erythrocyte sedimentation rate; GH = growth
hormone; HRT = hormone replacement therapy; IGF-1 = insulin-like growth factor 1; IL = interleukin; IL-1Ra = IL-1-receptor antagonist; OPG =
osteoprotegerin; RA = rheumatoid arthritis; RANK = receptor activator of nuclear factor κB; RANKL = receptor activator of nuclear factor κB ligand;
sIL-6R = soluble IL-6 receptor; TNF-α = tumor necrosis factor α.
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Abstract
Hormone replacement therapy (HRT) modulates the imbalance in
bone remodeling, thereby decreasing bone loss. Sex hormones
are known to influence rheumatic diseases. The aim of this study
was to investigate the effects of HRT on the serum levels of
hormones and cytokines regulating bone turnover in 88
postmenopausal women with active rheumatoid arthritis (RA)
randomly allocated to receive HRT plus calcium and vitamin D3 or
calcium and vitamin D3 alone for 2 years. An increase in estradiol
(E2) correlated strongly with improvement of bone mineral density
in the hip (P<0.001) and lumbar spine (P<0.001). Both baseline
levels and changes during the study of IL-6 and erythrocyte
sedimentation rate were correlated positively (P<0.001). HRT for
2 years resulted in an increase of the bone anabolic factor, insulin-
like growth factor 1 (IGF-1) (P<0.05) and a decrease of serum
levels of soluble IL-6 receptor (sIL-6R) (P<0.05), which is known
to enhance the biological activity of IL-6, an osteoclast-stimulating
and proinflammatory cytokine. Baseline levels of IL-6 and IGF-1
were inversely associated (P<0.05), and elevation of IGF-1 was
connected with decrease in erythrocyte sedimentation rate
(P<0.05) after 2 years. Interestingly, increase in serum levels of
E2 was associated with reduction of sIL-6R (P<0.05) and
reduction of sIL-6R was correlated with improved bone mineral
density in the lumbar spine (P<0.05). The latter association was
however not significant after adjusting for the effect of E2
(P=0.075). The influences of IGF-1 and the IL-6/sIL-6R pathways
suggest possible mechanisms whereby HRT may exert beneficial
effects in RA. However, to confirm this hypothesis future and
larger studies are needed.
Keywords: cytokines, estrogen, hormone replacement therapy, insulin-like growth factor 1, rheumatoid arthritis
Open AccessAvailable online http://arthritis-research.com/content/5/4/R202
R203
is known to restore this imbalance. Receptors for the sex
steroids estrogen, androgen, and progesterone have been
shown to be expressed in the osteoblasts and osteoclasts
[2]. Estrogen, besides having direct effects on bone cells,
also acts indirectly, by modulating the production of osteo-
clast-stimulating and -inhibiting factors by paracrine sub-
stances from bone marrow cells and by the osteoblasts
[2]. Estrogen also influences the skeleton through the
endocrine system, increasing the production of insulin-like
growth factor 1 (IGF-1), which has anabolic effects on
bone [3,4].
The effects of sex hormones on rheumatic diseases are
controversial. Some data suggest that estrogens and HRT
may be beneficial in RA [5–7], whereas other findings did
not show amelioration of disease activity by HRT [8]. The
peak incidence of RA in women coincides with the peri-
menopausal age, suggesting a connection with hormonal
alterations [9]. Furthermore, type-II-collagen-induced
arthritis in female mice is exacerbated by ovariectomy and
is ameliorated by subsequent treatment with estradiol (E2)
[10]. In a recent trial exploring the effects of HRT in RA,
we found ameliorating effects on clinical measures of
disease activity and inflammation, improved bone mineral
density (BMD), and also results pointing towards retarda-
tion of joint damage [11].
The aim of this study was to assess the effects of HRT on
serum levels of the osteoclast-stimulating cytokines, tumor
necrosis factor α (TNF-α), IL-Iβ, IL-6, on their modifiers
IL-1-receptor antagonist (IL-1Ra) and soluble IL-6 receptor
(sIL-6R), on OPG, and on IGF-1, attempting to understand
the mechanisms through which HRT exerts its effects in
postmenopausal women with RA.
Materials and methods
Patients
Eighty-eight postmenopausal women with RA aged
45–65 years were included in a 2-year, randomized,
single-blind, controlled study. The included patients had
an active disease that met at least two of the following cri-
teria: ≥6 painful joints, ≥3 swollen joints, erythrocyte sedi-
mentation rate (ESR) ≥20mm per hour, and C-reactive
protein  ≥10mg/l and they also fulfilled the American
Rheumatism Association 1987 revised criteria for adult
RA [12]. A maximum daily dose of 7.5mg of prednisolone
was accepted and intra-articular and intramuscular gluco-
corticosteroid injections were allowed during the study
period. All patients gave their informed consent, and the
Ethics Committee at the University of Göteborg approved
the study.
Treatment
Patients were assigned by the gynecologists to one of two
treatment groups, the HRT group or the control group, by
simple randomization. All patients were treated with a daily
dose of 500mg calcium and 400IU vitamin D3. Women in
the HRT group who were more than 2 years post-
menopausal were given continuous treatment with 2mg
E2 plus 1mg norethisterone acetate daily; those with a
previous hysterectomy were given just 2mg E2, and the
remaining women were given 2mg E2 for 12 days, then
2mg E2 plus 1mg norethisterone acetate for 10 days, and
then 1mg E2 for 6 days. The investigators in the rheuma-
tology departments were blinded to the identity of the
treatments given. Regular medication for RA could be
altered by the clinician but not by the investigator.
Assessment of outcome variables
Venous blood samples were obtained on entry into the
study and after 12 and 24 months, in the morning after an
overnight fast, and were stored at –70°C until the time of
analysis. Quantitative sandwich ELISA kits were used for
measurements of TNF-α, IL-Iβ, IL-1Ra, IL-6, sIL-6R (Quan-
tikine® HS, R&D Systems, Minneapolis, MO, USA), and
OPG (Immundiagnostic, Bensheim, Germany). Radioim-
munoassay was used for the quantitative determination of
IGF-1 (Mediagnost, Tübingen, Germany). The sensitivities
of the assays were as follows: TNF-α, 0.18pg/ml; IL-Iβ,
0.1pg/ml; IL-1Ra, 14pg/ml; IL-6, 0.7pg/ml; sIL-6R,
6.5pg/ml; OPG, 4pg /ml; and IGF-1, 0.02ng/ml. Samples
from all time points were analyzed simultaneously.
Rheumatoid factor and ESR were measured using stan-
dard laboratory techniques.
The gynecologists examined all patients for safety vari-
ables on their entry into the study and after 12 and
24 months, using vaginal ultrasonography and cytology. E2
in serum was measured (approximately 12 hours after
tablet intake) by radioimmunoassay (Clinical AssaysTM,
DiaSorin, Vercelli, Italy) at baseline and yearly thereafter.
BMD in the left total hip and lumbar spine was measured
by dual-energy x-ray absorptiometry (DXA) with Hologic
QDR-4500A (Hologic®, Bedford, MA, USA) at the patient’s
entry into the study and after 12 and 24 months.
Statistical analysis
Nonparametric tests were used, because the data were
not normally distributed. Groups were compared using the
Mann–Whitney U test. The Wilcoxon rank sum test was
used to analyze the changes within the treatment groups.
Associations between cytokines, OPG, and IGF-1 were
assessed by the Spearman rank correlation test. Compar-
isons of two proportions were tested by Fisher’s exact




Forty-one patients were randomized to the HRT group
and 47 to the control group. The continuously combinedArthritis Research & Therapy    Vol 5 No 4 Forsblad d’Elia et al.
R204
regimen of HRT was given to 23 patients, sequential
treatment to 14, and E2 alone to 4 who had undergone
hysterectomy.
There were no significant differences in baseline charac-
teristics between the study groups (Table 1). On entry to
the study, 71 patients (81%) were taking disease-modify-
ing antirheumatic drugs. Methotrexate predominated and
was used by 30 women (34%). Nineteen (22%) of the
patients were given corticosteroids at a mean dosage of
4.6mg of prednisolone and 68 (77%) were given nons-
teroidal anti-inflammatory drugs. The proportions of
patients given disease-modifying antirheumatic drugs,
methotrexate, nonsteroidal anti-inflammatory drugs, and
corticosteroids were equal in the HRT and control groups
at all check points.
Six patients in the HRT group and two in the control group
withdrew from the study before completing the 2 years.
No serious side effects were observed [11]. Data for
some of the patients were incomplete because the
samples taken were too small to permit all analyses to be
made or samples were missing. The numbers of patients
with available data are presented in Tables 1 and 2. There
were more missing samples in the HRT group than in the
controls regarding OPG analyses (P=0.044) but not for
any of the other biological factors.
Serum concentrations and correlations at baseline
The serum concentrations at baseline of TNF-α, IL-1Ra,
IL-6, sIL-6R, OPG, and IGF-1 are shown in Table 1. No
significant differences were noticed at entry into the study
between the HRT and control groups. Because the IL-Iβ
levels were below the detection threshold in 49% of par-
ticipants, they were not considered to be reliable and are
not reported.
As shown in Table 3, serum levels of sIL-6R correlated
significantly with levels of IL-6, TNF-α, and IL-1Ra at base-
line. IL-6 in serum was highly associated with ESR
(Fig.1a) and, to a smaller degree, was inversely associ-
ated with IGF-1. TNF-α was also significantly connected
with IL-1Ra. No significant associations were seen
between serum levels of E2 and OPG and the proinflam-
matory cytokines. However, E2 was positively associated
with BMD at the lumbar spine (P=0.033) at baseline.
The impact of HRT
The serum levels of the cytokines, OPG, IGF-1, ESR, and
E2 at baseline and after 12 and 24 months treatment from
patients with both baseline and 24-month data available
with corresponding 12-month data are presented in
Table 2. No significant differences between the HRT and
control groups were observed at entry into the study.
Serum levels of sIL-6R, acting as an agonist to IL-6, were
suppressed significantly in the HRT group after 12 and
24 months. The levels of IL-6 were not altered in any
group during the trial.
IGF-1, exerting anabolic effects on bone, increased signifi-
cantly in the HRT group after 2 years, while it remained
unchanged in the control group.
OPG increased significantly during the first year in the
HRT group compared with the controls, but the increase
did not persist throughout the investigation.
IL-1Ra, an inhibitor of IL-1, increased significantly the first
year, in both the HRT and control groups, but no signifi-
cant differences were seen after 24 months between or
within these groups. The mean value of IL-1Ra in Table 1
is higher than the value at baseline of patients who were
followed up for the whole study period. The discrepancy,
which was not significant, was due to an outlier, with a
very high baseline IL-1Ra level (5105pg/ml), who with-
drew from the investigation due to nausea.
Table 1
Baseline data of postmenopausal women with rheumatoid
arthritis in the hormone replacement therapy (HRT) group and
the control group
Characteristic HRT group Control group
Age (years) 57.0±0.9 (41) 58.1±0.7 (47)
Disease duration (years) 16.4±1.9 (41) 15.5±1.7 (47)
Years after menopause 8.4±1.0 (36) 8.3±0.8 (42)
Disease-modifying antirheumatic 83% (41) 79% (47)
drugs
Glucocorticosteroid treatment 24% (41) 19% (47)
Nonsteroidal anti-inflammatory 78% (41) 77% (47)
drugs
Positive serum test for rheumatoid 83% (40) 85% (47)
factor
Serum TNF-α (pg/ml)  4.0±0.4 (39) 4.4±0.5 (46)
Serum IL-1Ra (pg/ml) 608±123 (40) 485±74 (47)
Serum IL-6 (pg/ml) 23.8±5.7 (40) 22.4±4.1 (47)
Serum sIL-6R (pg/ml)  822±42 (39) 762±31 (47)
Serum OPG (pg/ml) 113±18 (37) 112±12.8 (46)
Serum IGF-1 (ng/ml) 81.7±4.4 (34) 78.2±5.0 (43)
ESR (mm) 30.8±3.0 (41) 26.5±2.2 (46)
Serum estradiol (pmol/l) 47.7±8.6 (31) 37.2±4.0 (40)
Values not shown as percentages are means±standard error of the
mean. Numbers of patients for whom data were available are shown in
parentheses. ESR = erythrocyte sedimentation rate; IGF-1 = insulin-
like growth factor 1; IL-1Ra = IL-1-receptor antagonist; OPG =
osteoprotegerin; sIL-6R = soluble IL-6 receptor; TNF-α = tumor
necrosis factor α.TNF-α, a mediator of inflammation and joint destruction in
RA, did not alter significantly during the study in any group.
As described elsewhere, BMD improved in the total hip
and lumbar spine (P<0.001) in the HRT group, while it
decreased slightly in the controls [11].
Correlations between changes of variables from
baseline to 24 months
In order to further confirm the above findings about the
effects of HRT and to investigate associations between
the diverse variables, correlation analyses of changes from
baseline to 24 months in serum levels of TNF-α, IL-1Ra,
IL-6, sIL-6R, OPG, IGF-1, ESR, and E2 and changes of
BMD in the total hip and lumbar spine were sought. The
results are shown in Table 4, except for OPG, which was
not associated with any of the other factors.
Increase in serum levels of E2 correlated strongly with
improvement of BMD in the hip and lumbar spine and to a
lower degree with reduction of sIL-6R. The alteration in
sIL-6R was inversely associated with change in BMD in
the lumbar spine. To find out if there was an independent
correlation between sIL-6R and BMD in the lumbar spine,
we calculated the partial correlation coefficient adjusting
for the E2 changes. The coefficient altered somewhat,
from –0.270 (P=0.015) to a no longer significant level,
–0.234 (P=0.075).
Just as in the case of the baseline correlations, there
were strong associations between the changes in serum
levels of IL-6 and ESR (Fig.1b) and of IL-6 and IL-1Ra.
Increased serum levels of E2 were correlated with reduc-
tion of sIL-6R and TNF-α. The change in TNF-α was also




Spearman rank correlations between baseline laboratory test findings in postmenopausal women with rheumatoid arthritis
Test TNF-α IL-1Ra IL-6 sIL-6R IGF-1 ESR Estradiol
Serum TNF-α (pg/ml) — 0.259* 0.041 0.346** –0.128 0.135 –0.042
Serum IL-1Ra (pg/ml) 0.259* — 0.338** 0.434*** –0.021 0.108 0.088
Serum IL-6 (pg/ml) 0.041 0.338** — 0.261* –0.245* 0.470*** 0.116
Serum sIL-6R (pg/ml) 0.346** 0.434*** 0.261* — –0.207 0.115 0.145
Serum IGF-1 (ng/ml) –0.128 –0.021 –0.245* –0.207 — –0.177 0.014
ESR (mm) 0.135 0.108 0.470*** 0.115 –0.177 — 0.015
Serum estradiol (pmol/l) –0.042 0.088 0.116 0.145 0.014 0.015 —
*P<0.05, **P<0.01, ***P<0.001. ESR = erythrocyte sedimentation rate; IGF-1 = insulin-like growth factor 1; IL-1Ra = IL-1-receptor antagonist;
sIL-6R = soluble IL-6 receptor; TNF-α = tumor necrosis factor α.
Table 2
Laboratory findings in postmenopausal women with rheumatoid arthritis who were given hormone replacement therapy and the
control group
HRT Controls
Laboratory test Baseline 12 months 24 months Baseline 12 months 24 months
Serum TNF-α (pg/ml) 4.1±0.4 (32) 3.8±0.4 (30) 3.6±0.4 (32) 4.4±0.5 (44) 4.1±0.3 (43) 4.2±0.4 (44)
Serum IL-1Ra (pg/ml) 501±49 (35) 678±82 (32)†† 558±85 (35) 494±77 (45) 596±104 (45)† 606±128 (45)
Serum IL-6 (pg/ml) 25.7±6.3 (35) 25.1±8.3 (32) 23.1±5.2 (35) 23.2±4.3 (45) 27.1±4.5 (45) 25.6±5.4 (45)
Serum sIL-6R (pg/ml) 851±46 (34) 801±41 (31)‡ 790±36 (34)†,‡ 771±31 (45) 794±35 (45) 804±34 (45)
Serum OPG (pg/ml) 104±19 (30) 133±29 (28)‡ 112±19 (30) 114±14 (43) 109±13 (43) 120±13 (43)
Serum IGF-1 (ng/ml) 80.3±4.9 (29) 81.0±4.0 (24) 92.6±4.6 (29)‡ 78.6±5.3 (40) 78.3±5.0 (40) 77.7±3.9 (40)
ESR (mm) 32.5±3.2 (35) 29.0±3.2 (35) 24.3±2.2 (35)††,‡ 27.3±2.3 (43) 26.6±2.9 (41) 26.7±2.7 (43)
Serum estradiol (pmol/l) 44.4±8.6 (27) 176.7±31.4 (22)†††,‡‡‡ 160.9±18.7 (27)†††,‡‡‡ 38.0±4.4 (36) 39,0±5,9 (36) 38,9±6,6 (36)
Results for patients with both baseline and 24-month data available with corresponding 12-month data are shown. Values are means±standard
error of the mean. Numbers of patients for whom data were available are shown in parentheses. For comparison with baseline, †P≤0.05, ††P<0.01,
†††P<0.001. For comparison with controls from baseline, ‡P≤0.05, ‡‡P<0.01, ‡‡‡P<0.001. ESR = erythrocyte sedimentation rate; IGF-1 = insulin-
like growth factor 1; IL-1Ra = IL-1-receptor antagonist; OPG = osteoprotegerin; sIL-6R = soluble IL-6 receptor; TNF-α = tumor necrosis factor α.a minor extent in sIL-6R and was inversely correlated
with the change in IGF-1. The alteration in ESR was to a
small degree inversely associated with change in IGF-1
(Fig.1c).
Discussion
We have recently reported that 2 years of HRT in post-
menopausal women with RA showed signs of decreased
laboratory measures of inflammation, resulting in a better
disease activity score 28 (DAS 28) response, improved
BMD, and indicated a protective effect on joint destruction
[11]. The objective of the present study was to analyze
possible mechanisms behind the effects of HRT in post-
menopausal patients with long-lasting and active RA.
HRT acts in a complex, not yet completely elucidated way
and there are several possible routes whereby HRT could
influence the erosive process and juxta-articular and gen-
eralized osteoporosis in RA. Expression of estrogen
receptor in human osteoblastic cells was shown in 1988
[13] and in osteoclastic cells in 1991 [14]. Besides
having the capacity to decrease osteoclast formation and
activity and to increase apoptosis of osteoclasts [15,16],
estrogen also seems to have a stimulatory effect on bone
formation by the osteoblasts [17,18]. Thus, estrogen
seems to have both anti-proliferative and proliferative
effects. In addition to these direct effects on bone cells,
the major action of estrogens in vivo is believed to be
mostly by indirect actions, regulation of growth factors and
cytokines in osteoblasts, which in turn regulate osteoclast
differentiation and activation [2]. Among these factors, we
analyzed IL-Iβ, IL-6, TNF-α, all inducers of bone resorption
[19], and the decoy receptor OPG, inhibiting activation of
osteoclasts and its precursors [20], as well as the bio-
activity modifiers IL-1Ra and sIL-6R and the endocrine
bone-stimulating agent IGF-1.
IL-6 is one of the key mediators of increased bone loss in
postmenopausal women. Production of this cytokine by
mononuclear blood cells increases with age and
menopause [21] and is inhibited in vitro by E2 [22].The
bioactivity of IL-6 is significantly enhanced in the presence
of its agonist, sIL-6R, which renders cells expressing the
gp 130 signaling protein responsive to IL-6 [23]. There-
fore, it is suggested that sIL-6R may be of more impor-
tance than IL-6 in the postmenopausal acceleration of
bone turnover [24,25]. IL-6/sIL-6R are also believed to be
involved in joint destruction through osteoclastogenesis in
RA [26]. We have recently reported that the radiographic
scores of the women with RA showed a significant posi-
tive correlation with IL-6 and sIL-6R [27]. In this study,
serum levels of sIL-6R decreased significantly in the HRT
group. Furthermore, the change in E2  in serum was
inversely, though modestly, correlated with the change in
sIL-6R. The change of sIL-6R was inversely associated
with increase in BMD in the lumbar spine after 2 years.
Arthritis Research & Therapy    Vol 5 No 4 Forsblad d’Elia et al.
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Figure 1
Effects of HRT in postmenopausal women with rheumatoid arthritis.
The associations between (a) baseline levels of erythrocyte
sedimentation rate (ESR) and interleukin-6 (IL-6), (b) the changes in
ESR and IL-6 after 2-year follow-up, and (c) the changes in ESR and
IGF-1 after 2-year follow-up are shown in scattergram plots. Spearman
rank correlation coefficients (rs) and P values are given.
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rs= 0.470  P < 0.001
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rs= –0.250  P = 0.041
(c)Since the increase of E2 in serum was significantly corre-
lated with improvement of BMD in the lumbar spine and
total hip, we adjusted the correlation of sIL-6R and bone
mass in the spine for the effect of changed E2 levels. After
adjustment, the association was no longer significant
(P=0.075). However the partial correlation coefficient
changed only slightly, indicating the possibility of a true
correlation between sIL-6R and bone mass in the spine.
In sum, we suggest that estrogen-mediated effects of
IL-6/sIL-6R functions may be involved in the protection of
the skeleton in RA patients.
Growth hormone (GH) contributes also in the regulation
of bone metabolism: a deficiency of this hormone causes
reduced BMD and replacement therapy has been shown
to increase bone mass [3]. GH is the primary inducer of
IGF-1 synthesis by the liver and a central regulator of the
concentration of circulating IGF-1 [3]. IGF-1 has been
found to induce cellular proliferation and has an antiapop-
totic effect [28]. Estrogen stimulates the secretion of GH
from the pituitary gland [29] and also increases the pro-
duction of IGF-1 by osteoblastic cell lines [30]. In the
present investigation, HRT resulted in a significant
increase in serum levels of IGF-1. We did not find a signifi-
cant association between the changes in E2 levels and
IGF-1 after 2 years, which might be caused by the limited
number of patients examined.
It has also been reported that IGF-1 is reduced in inflam-
matory diseases such as juvenile chronic arthritis (JCA)
and RA [31,32], and treating JCA with human growth
hormone increased IGF-1, growth velocity, and markers of
bone formation [31]. Furthermore, De Benedetti and col-
leagues proposed that IL-6 mediated the decrease in
IGF-1 production that was associated with growth defect
in transgenic mice and they also showed that circulating
IL-6 levels were negatively correlated with IGF-1 levels in
JCA [33]. We also found in this study an inverse correla-
tion between IL-6 and IGF-1, although the P value (0.032)
was relatively weak and serum levels of IGF-1 were only
half of the reference values of age-matched healthy post-
menopausal women [34]. There was also a strong positive
correlation between ESR and IL-6 at baseline, which has
previously been observed [35], and, interestingly, the
change of ESR during the course of the study was highly
correlated with the change of IL-6 and to a lesser degree
was inversely correlated with the change of IGF-1.
However, it is unclear if the increase of IGF-1 in this trial is
caused by estrogen-mediated reduction of the IL-6/sIL-6R
pathway or by effects on the GH/IGF-1 axis or by a combi-
nation of these mechanisms.
Administration of IL-1Ra or anti-TNF treatment has
recently been found to reduce radiological progression in
RA [36,37]. These cytokines and their receptors have also
been reported to be involved in bone loss after estrogen
deficiency: for instance, administration of IL-1Ra and TNF-
binding protein (TNFbp), an inhibitor of TNF, to ovariec-
tomized mice decreased osteoclastogenesis and bone
resorption [38]. It was also reported that estrogen
replacement in women induced reduction of IL-1 and
TNF-α in peripheral blood mononuclear cells [39],
whereas other researchers did not observe any effect of
HRT on serum levels of the cytokines [40]. In our trial,
serum levels of TNF-α were not significantly altered in any
group, but we found a weak inverse correlation between
the changes in TNF-α and E2 after 2 years. The change in
TNF-α was also associated weakly with the change in
sIL-6R and more strongly with the alterations in IL-1Ra





Spearman rank correlations of changes in laboratory results from baseline to 24 months in postmenopausal women with
rheumatoid arthritis who were given HRT
BMD
BMD lumbar
Test TNF-α IL-1Ra IL-6 sIL-6R IGF-1 ESR Estradiol total hip spine
Serum TNF-α (pg/ml) — 0.303** 0.108 0.245* –0.258* 0.310** –0.263* 0.169 –0.132
Serum IL-1Ra (pg/ml) 0.303** — 0.313** 0.050 –0.222 0.122 0.012 0.075 –0.126
Serum IL-6 (pg/ml) 0.108 0.313** — 0.041 –0.061 0.421*** 0.188 0.081 0.078
Serum sIL-6R (pg/ml) 0.245* 0.050 0.041 — –0.137 0.119 –0.263* –0.132 –0.278*
Serum IGF-1 (ng/ml) –0.258* –0.222 –0.061 –0.137 — –0.250* 0.179 0.200 0.195
ESR (mm) 0.310** 0.122 0.421*** 0.119 –0.250* — –0.079 –0.092 –0.145
Serum estradiol (pmol/l) –0.263* 0.012 0.188 –0.263* 0.179 –0.079 — 0.491*** 0.483***
*P<0.05, **P<0.01, ***P<0.001. BMD = bone mineral density; ESR = erythrocyte sedimentation rate; IGF-1 = insulin-like growth factor 1;
IL-1Ra = IL-1-receptor antagonist; sIL-6R = soluble IL-6 receptor; TNF-α = tumor necrosis factor α.IL-1Ra increased significantly during the first year in both
study groups, but the rise was not sustained until the end of
the trial. One hypothesis to explain this finding is that vitamin
D3, which affects the immune system [41] and was given to
all the women studied, may have affected the production of
IL-1Ra. We could not tell if HRT had any effect on IL-1β,
since half of the participants had undetectable levels.
We were also interested in the effects of HRT on OPG,
since treatment with OPG in rat adjuvant arthritis blocked
bone and cartilage destruction [42] and 17β-estradiol has
been shown to increase OPG mRNA and protein levels in
human osteoblastic cell lines [43], whereas other workers
did not find that OPG was regulated by estrogen [44]. In
the present study, OPG increased significantly during the
first year in the HRT group compared with the controls.
There is a need to be cautious in interpreting this finding,
since there were significantly more missing OPG samples
in the HRT group and no associations between OPG and
the other variables were discovered.
The present study has certain limitations. Corrections for
multiple comparisons have not been made, since the find-
ings seem biologically reasonable. Yet, one needs to be
cautious about significances with P values at the <0.05
level, which theoretically could have occurred by chance,
because quite a lot of tests have been performed. In addi-
tion, there were unfortunately some missing samples, in
particular from the HRT group, a circumstance that
renders some of the data incomplete.
Most of the women in the HRT group received combined
treatment with E2 plus norethisterone acetate continuously
or sequentially. Consequently, our findings show the
effects of both substances. However, the change in E2
alone correlated strongly with the improvement of BMD in
the total hip and lumbar spine. Our discussion relates
mostly to previous findings in HRT and estrogen investiga-
tions, because less is known about the effects of
progestogen on the immune and endocrine systems.
However, progestogens, like androgens, are known to
have immunosuppressive effects, and during pregnancy,
progesterone acts together with estrogen and cortisol to
influence alterations in immunological reactivity, such as
decreasing cytokines associated with T-helper-1 cells and
increasing those associated with T-helper-2 cells, phe-
nomena that are probably connected with the clinical
improvement in RA [45,46].
Conclusion
In summary, we found in this controlled clinical trial that
the increase of E2 levels in serum was highly correlated
with improved BMD. We have tried to elucidate possible
ways, in the network of proinflammatory cytokines and
IGF-1, by which HRT exerts its effects on the skeleton in
long-lasting active RA. We found that HRT reduces serum
levels of sIL-6R, whereas IGF-1 levels were observed to
be increased. Both of these results — the effects on the IL-6/
sIL-6R pathway and on IGF-1 in the endocrine system — may
be involved in the mechanisms mediating the beneficial
effects of HRT. There is a need for larger, controlled, long-
term studies of combined treatment in RA — estrogen plus
progestogen, and estrogen alone — to support our results
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